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Several studies have been carried out to investigate the effect of Lanthanum 
(La^^) ion substitution on the structural and magnetic properties of 
manganese-chromium (Mn-Cr) ferrite of chemical formula Mn LaxCr 
Fe204(x=0.0, 0.25 and 0.5). Such studies have made efforts to improve the 
magnetic and structural properties of manganese-chromium (Mn-Cr) ferrite 
by using lanthanum substituted nano ferrites and then synthesized using the 
sol-gel method and annealed at a temperature of 700®C. The changes that 
occurred in the structure of the nano ferrites as a result of lanthanum 
substitution were identified using X-ray diffraction (XRD). Based on Debye- 
Scherrer equation, the XRD data were used in measuring the particle sizes of 
different diffraction and average crystallite size by means of Fourier 
Transform infrared spectroscopy (FTIR). In analyzing the morphology of the 
nano ferrites, scanning electron microscopy (SEM) was used, elemental 
compassion was studied using energy dispersive X-ray spectroscopy 
(EDAX), and the average particle diameter was determined using 
Transmission electron microscopy (TEM) studies. FTIR spectral analysis of 
the prepared samples under investigations revealed the formation of a single 
phase spherical particles. Two important absorption bands were observed; 
one (vi) around 556 cm'\ which is attributed to the intrinsic vibrations of 
tetrahedral complexes, while the other low frequency band (v 2 ) was around 
430 cm'\ and attributed to octahedral complexes. 
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1. INTRODUCTION 

Ferrites are ferrimagnetie semieonduetors, whieh have led to the emergenee of a new researeh area 
in the physies of material seienee. They are also regarded as high resistivity ferrites that ean be used in 
produeing different ferrites [1]. Ferrite materials are eonsidered as vital materials in the produetion of several 
eleetromagnetie deviees sueh as Isolators, eonverters, induetors, phase shifters, eireulators and 
eleetromagnetie wave absorbers [2]. Extensive studies have been eondueted on spinel ferrites beeause they 
are easy to synthesize and ean be used for a wide range of teehnologieal and industrial applieations. It is 
important to synthesize Nano ferrites sueh as metallie spinel ferrites that are eharaeterized by a low size 
distribution; this is important beeause they possess notable magnetie and eleetrieal properties [3]. More so, 
they are widely used in praetieal applieations in advaneed information teehnologies like, medieal diagnosties, 
magneto ealorie refrigeration, ete. There are a number of faetors that ean affeet the magnetie properties of 
Nano Ferrite’s [4], and some of them inelude; ehemieal eomposition, type of substituent, grain size, 
preparation method, distribution of eation in the tetrahedral (A) and oetahedral [B] sites, doping, voids and 
surfaee layers. Different methods like eo-preeipitation, sol-gel method have been used in synthesizing Eleetro 
& Magnetie Nano ferrites with general strueture MFe 204 . Several attempts have been made by researehers to 
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improve the quality of ferrites through the addition of the same appropriate nonmagnetic/diamagnetic 
contaminations with varying valence state of the A and B sites includes Lanthanum (La^^) [5]. Lanthanum, 
which is regarded as the 2“^ most robust and lightest scarce earth element among the lanthanide category, 
possesses a unique quality in comparison to other scarce earth element like simple electronic spectra which is 
more useful in experimental analysis [6]. Therefore, the demand for La^^ is high as it can be used in crucial 
applications such as NiMH batteries, which are presently used in all hybrid-electric vehicles [7, 8]. 

Manganese ferrites, which possess a cubic spinel structure, are popularly known as magnetic ferrites 
that are used in various technological applications. These ferrites have properties that are dependent on 
morphology, size and composition, which have a strong correlation with the preparation conditions [9, 10]. 
Presently, the use of various methods of synthesis is being employed in synthesizing the different 
compositions of manganese ferrites [11, 12]. However, the sol-gel method of synthesis is more robust due to 
the high level of compositional uniformity it offers within a short period of processing and at a very low 
temperature for the synthesis of nano ferrites [13]. 

According to G. Kumar, rare earth oxides serve as good electrical insulators with high electrical 
resistivity. Thus, the magnetic and electrical properties of spinel ferrites can be modified if the appropriate 
rare earth cation is selected [14, 15]. When the parent ferrite is substituted with selected rare earth ions, the 
morphology becomes transformed in different ways [16, 17]. 

For the greatest of our information, there aren't various research analysis focused on the 
comprehensive structural and morphological investigation of the lanthanum La^^ ion substitution into the 
Mn-Cr-Fe 204 . Therefore, this current work is focusing on investigating the effect of rare earth lanthanum ion 
substitution on the structural, magnetic and morphological properties of of Mn-Lax-Cr-Fe 204 utilizing a sol- 
gel method. The structural, magnetic and morphological properties of synthesized nanoparticles were 
examined and analysed. Therefore, this study focuses on studying the effect of La^^ substitution in Mn-Cr- 
Fe 204 . The nanoparticles of Mn-Lax-Cr-Fe 204 are synthesized using the sol-gel method. A discussion on the 
structural and magnetic properties of the samples that have been synthesized is given subsequently. 


2. EXPERIMENTAL EQUIPMENTS 

2.1. Material and method 

All chemicals and solvents used in the experiments were AR grade, and purchased from Merck 
Co.Pvt Ltd and Sd. The chemicals used were fine and needed no further purification. The stoichiometric 
amounts of metal nitrates viz, [La(N 03 ) 3 - 6 H 20 ], Ferric Nitrate [Fe(N 03)2 9 H 2 O], Chromium Nitrate 
[Cr(N 03 ) 29 H 20 ], Citric acid (C 6 H 8 O 7 .H 2 O) used as starting materials for the synthesis. 

2.2. Synthesis of nanoparticles 

The required quantity of metal nitrates were dissolved in a little amount of distilled water and 
afterwards mixed together. An addition of an aqueous solution of citric acid was made to the mixed metal 
nitrate solution (with and without Lanthanum nitrate). Afterwards, an addition of ammonia solution was also 
made to the mixture and it was constantly stirred with a neutral pH of (7.0) maintained. The solutions were 
heated at a temperature of 90''C with continuous stirring so as to eliminate the extra solvent. In order to ignite 
the gel, the temperature was increased to 200°C. A powder-like substance was obtained from the dried gel, 
which was completely burnt in a self-propagating combustion manner. An Agate Mortar and Pestle was used 
in grinding the burnt powder so as to obtain a fine ferrite powder. Lastly, a temperature of 700°C was applied 
to the burnt powder in order to calcinate in the air for 2 hours. Afterwards the powder was allowed to cool 
own in room temperature. 


2.3. Equipments characterization 
2.3.1.X-ray diffraction 

The use of SCINTAG X’TRA AA85516 (Thermo ARE) X-ray diffractometer alongside Peltier 
cooled Si solid detector was employed in performing the XRD analysis of the prepared samples. 
Monochromatized Cu Ka (7,= 1.5405 A) was used as the radiation. Diffraction patterns were collected at 45 
kV- 40 mA, at 0.02°C step and count time of 0.400 sec over a range of 10.00-80.0 (20), at a step scan rate of 
3.00 min'^ and the crystallite size (D) is calculated from X-ray line broadening of the (311) diffraction peak 
using the well-known Debye-Scherer's formula: 


where p represents the full-width at half-maxima of the strongest intensity diffraction peak (311), A denotes 
the wavelength of the radiation, and 0 the angle of the strongest characteristic peak. 
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The following equation was used in ealeulating the X-ray density (px): 

8M 

P^ = l^ 


( 2 ) 


where the moleeular weight is denoted by M, N Avogadro’s number represented by (gm) (per mol) and a the 
lattiee parameter in angstrom. 

Based on the high intense peak of (311) of the XRD pattern, the value of lattiee parameter a was 
determined using equation (3) below. The values are eontained in Table 1. 


(A/^+/c2+f2) 


where a is lattiee eonstant dm is inter-planar distanee for hkl plane. 


2.3.2.FTIR spectroscopic analysis 

Fourier Transform Infrared Speetroseopy (FTIR) was used in examining the adsorbents. The 
preparation of the samples was earned out by mixing 1 mg of powdered earbon with 500 mg of KBr (Merek- 
speetroseopy quality) in an agate mortar. The mixture whieh was obtained was then pressed under a pressure 
of 5 tones/ em^ for about 5 minutes, and at 10 tones/ em^ for 5 minutes under vaeuum. The measurements for 
the speetra were performed within the range of 4000 to 400 em'^ on a JASCO-FTIR-5300 model. 


2.3.3.SEM-EDX analysis 

A two-sided adhesive earbon tape was used to stub the surfaees of the powdered earbonaeeous 
materials. Coating of the samples was done within a period of 120see with 20mA using a platinum eoater 
(JOEL Auto fine eoater model, JFC -1600); a thin layer of platinum was deposited on the samples. The use 
of SEM JEOL model, JSM-5600 alongside an EDX analyzer was employed in reeording the 
mierophotographs of the samples with an aeeelerating voltage of 5 kV, at high vaeuum mode. The equipment 
has a maximum magnifieation eapaeity of 300,000 times with a resolution of 3 nm. Different magnifieations 
were used for the samples under study. 


2.3.4.TEM analysis 

First of all, the ferrite sample was sonieated (Vibronies VS 80) for 5 minutes and deposited on 
earbon eoated eopper grids, after whieh, the solvent was exposed to infra light for 30 minutes so as enable 
evaporation. The use of Philips model CM 20 instrument, whieh was operated at an aeeelerating voltage of 
200 kV was employed in TEM measurements. 

The magnetie properties of the samples were examined using Hysteresis Traeer in the field of 10 
kOe at room temperature. 


3. RESULTS AND DISCUSSION 
3.1. XRD studies 

The elassie patterns of X-ray diffraetion of Mn Lax Cr Fe 204 (where X=0.0, 0.25, 0.50) Nano 
ferrites and those annealed at 700°C are shown in Figure 1. The erystalline phase and the identifieation of 
peaks was earried out by eomparing the spaeing with that of JCPDS data of MnFe 204 and CrFe 204 . The 
formation of a single phase a faee eentred eubie (fee) spinel strueture was eonfirmed through the main lattiee 
planes (220), (311), (222) (400), (422), (511), (440), (533), (622) and (444). This indieates that the the La^^ 
ions have been eompletely dissolved into the spinel lattiee of Mn-Cr ferrite. 

Based on the line broadening of the most intense peak (311) of the plane of the spinel struetures, the 
average erystallite size of the prepare samples were ealeulated using the Seherrer equation^. It is observed 
that a deerease in the partiele size eaused an inerease the eoneentration of La^^ eation; TEM analysis was also 
used to eonfirm this result. 

There is a possibility of the Fe^^ eations being replaeed by the lanthanum ions in the oetahedral 
sites, whieh ean be eoneluded from the uniformity of the lattiee eonstant values for the different 
eoneentrations of La^^ ions. As the eontent of La^^ ion inereases, the peaks beeome broader. This is an 
indieation of a eonstant reduetion in partiele size, whieh is marked from the values of erystallite sizes 
eontained in Table 1. These results are similar with that previous studies studies. 
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Figure 1. X-ray diffraction patterns of Mn Lax Cr Fe 204 (where X=0.0, 0.25, 0.50) Nano ferrites 


Table 1. Crystal & magnetic parameters of Mn-Cr ferrites for various concentrations of La^^ ion 


Concentration 
of ion 

Crystallite 
size (nm) 

Lattiee 
eonstant (A) 

X-ray density 
(g em“b 

Magnetization 

(emu/g) 

Coercivity 

(Oe) 

Retentivity 

(emu) 

0 

19.2547 

8.231 

6.254 

21.8471 

14025.21 

17.264 

0.25 

18.0698 

8.264 

6.984 

20.6487 

17245.34 

16.257 

0.5 

18.1578 

8.198 

7.021 

18.9842 

16824.57 

16.128 


3.2. FTIR studies 

In order to study the bonding of the metal-oxygen in the prepared Nano ferrite samples, the use of 
Fourier transform infrared (FTIR) was employed. As seen in Figure 2, the FTIR spectra of the prepared 
ferrite nano particles were measured within the frequency range of 700cm'^ to 400 cm f The formation of the 
spinel structure of Mn-La-Cr ferrite system was confirmed by FT-IR analysis. There are two notable 
absorption bands (vi and V 2 ) in the wavenumber ranging from 700 to 400 cm“f It was observed that these 
absorption bands correspond to the stretching vibration of the tetrahedral and octahedral sites, which 
occurred around 550 to 555cm'\ respectively as seen in Table 2. The absorption bands indicate the unique 
characteristics of spinel ferrites in single phase. The variance between vi and V 2 is attributed to the changes 
that occurred in the bond length of Fe-0 at the Octahedral and Tetrahedral sites. It can be observed from the 
table that the range of the high frequency band (vi) is from 551 to 555cm ^ More so, it was also observed that 
the substitution of La^^ resulted in significant change in the V 2 band corresponding to octahedral site. Based 
on observation, the V 2 band (octahedral site) ranges from 460 to 466 cm'^ with a subsidiary band V 3 in the 
range of 432 and 428 cm'^, for two samples except for pure Mn-Cr ferrite. This result can be attributed to 
John-Teller distortion caused by La^^ doping as reported by Mamilla Lakshmi et al. Figure 2 shows that an 
increase in the content of La^^ caused the values to move to a lower-frequency side. Furthermore, it was 
observed that an increase in the concentration La^^ caused the absorption band to be slightly broadened. The 
substitution of Fe^^ ions by La^^ ions could be responsible for this occurrence. 


Table 2. FTIR par ameters of Mn Lax Cr Fe 204 (where X=0.Q, 0.25, 0.50) n ano ferrites 


Ferrite Composition 

vi(em'b 

V2(cm'b 

V3(cm'b 

Mn LaoCrFe204 

551.64 

432.77 

not identified 

Mn Lao.25 CrFe204 

553.57 

466.44 

428.19 

Mn Lao. 5 oCrFe 204 

555.49 

460.98 

432.05 



Figure 2. FTIR spectra of Mn Lax Cr Fe 204 (where X=0.0, 0.25, 0.50) nano ferrites 
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3.3. SEM-EDX analysis 

In order to study the surfaee morphology of the prepared nano ferrites, the use of seanning eleetron 
mieroseope (SEM) was employed. The result of the analysis is eontained in Figure 3(a-e). The eleetron 
mierographs showed that the material is basieally made up of some irregular eubie or rod-like partieles in 
pure Mn-Cr ferrite (Figure 3(a)), and as the eoneentration of the La^^ inereases, an inerease also oeeurs in the 
agglomeration of these partieles. It ean be assumed that the nature of the exterior of these agglomerates is due 
to the ehemieal reaetion in the proeess of sintering. The bonding of these agglomerates ean be attributed to 
relatively weak Vander Waals bonds or even magnetie forees. For lanthanum eompositions, well-erystallized 
solid grains of irregular shapes alongside small miero pores were observed. The ineessant reduetion in grain 
size, whieh oeeurs with the La^^ substitution, may be due to the faet that lanthanum ions possess large ionie 
radii than that of Iron (0.64 A), and therefore, demonstrate limited solubility in spinel lattiee, whieh in turn 
prevents the growth of grain as well as the deerease in the size of grain. 

EDS was used in determining the sample eomposition, and the pattern that was obtained is presented 
in Figure 3(a-e) (right side). The presenee of Mn, Fe, Cr, O and Ea was observed in the speeimen (exeept in 
Figure 3(a); no other impurities were found in the sample. 



Figure 3(a). SEM-EDX speetra of Mn EaoCrFe 204 







Figure 3(b). SEM-EDX speetra of Mn Eao.25 CrFe 204 
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Figure 3(c) SEM-EDX spectra of Mn Eao. 5 oCrFe 204 

3.4. TEM analysis 

Based on the TEM analysis performed on three nano ferrite sample, the TEM micrographs show that 
high level of agglomeration occurred in the particles as a result of the interfacial surface tension as reported 
in the review of literature. It can be observed that majority of the nanoparticles appeared slightly 
agglomerated with a shape that is almost spherical; this is shown in (Figure 4(a-c)). More so, as the 
concentration of lanthanum ion increased, a decrease occurred in the average particle size obtained from 
TEM such as; 19.18 nm (Ea=0.0), 18.72 nm (Ea=0.25) and 18.545 (Ea = 5.0). Similar pattern was also 
obtained from XRD studies. 



Figure 4(a). TEM images (left) of Mn EaoCrFe 204 and particle size distribution (right) 




Figure 4(b). TEM images (left) of Mn Eao.25 Cr Fe204 and particle size distribution (right) 



Figure 4(c). TEM images (left) of Mn Eao.s CrFe 204 and particle size distribution (right) 
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3.5. Magnetic properties 

In order to calculate the magnetic parameters of the prepared nano ferrite samples, the use of 
vibrating sample magnetometer (VSM) was employed; the VSM was used within the range of 5000 Oe, 
where the magnetic behaviour of the samples was demonstrated. As contained in figure 5, the measurements 
from the VSM were used in plotting the hysteresis loops, from which the calculation of the values of 
saturation magnetisation for the various compositions MnLaxCrFe 204 (x=0.0, 0.25 and 0.50) was performed 
and represented graphically in Figure 5 and tabulated in Table 1. Figures 5 and 6 show the difference in the 
saturation magnetisation of the composition. The hysteresis loops revealed that for the values of (x= 0.0, 0.25 
0.50) there was no complete saturation of samples. The result clearly indicates that the substitution of 
lanthanum caused a decrease in the saturation magnetization. The site occupancy of the cations as well as the 
alteration in the exchange effects caused by the substitution of lanthanum can be used in explaining 
this decrease. 

The major contributors of the magnetic properties are the‘Fe^^ ions, which occupy the ‘B’ sites in 
the inverse spinal lattice. The pragmatic nature of La^^ is attributed to the absence of unpaired electrons. It 
was observed the substitution of La^^ resulted in a significant decrease in coercivity. This theory posits that 
the coercivity is influenced by factors such as magneto crystalline anisotropy, micro strain, size distribution, 
magnetic particle morphology and magnetic domain size^^ 



Figure 5. Hysteresis loops of manganese chromium ferrite for various La^^ concentrations 



Figure 6. Plot of Magnetization Vs Concentration 


4. CONCLUSION 

The results of the experimental investigations revealed how Lanthanum doping affects the properties 
of spinel Lanthanum substituted Mn-Cr ferrites. The use of sol-gel method was employed in preparing the 
samples used in this study. Also, the magnetic and structural measurements were performed through the 
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process of sintering at a temperature of 700°C. The presence of all characteristic reflections was confirmed 
by the X-ray diffraction results (220), (311), (222), (400), (422), (511), (440), (222), (533), (622), and (444), 
which confirmed the formation of single phase, cubic spinel structure. The substitution of La^^ led to a 
decrease in the crystallite size and lattice. The formation of the spinel structure with strong Metal oxygen 
adhesion was confirmed using the FTIR spectrum of the Nano crystal that was synthesized. The nature of the 
fused grain possessing intergranular diffusion in Mn Lax Cr Fe 204 (where X=0.0, 0.25, 0.50) Nano ferrites 
were observed through the SEM images. It was observed that the three samples used in this study 
demonstrated ‘S’ like shape hysteresis curve. As the La^^ substitution increased, the decrease occurred in the 
magnetic parameters. The continuous increase in the La^^ concentration brought about a decrease in the 
crystallite size as well as in the saturation magnetization. 
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